Estudio multivariante de la composición de triglicéri-dos de la grasa subcutánea del cerdo ibérico en relación con la alimentación y el genotipo.
INTRODUCTION
The Iberian pig (Sus mediterraneous) is an autochthonous breed grown in Spain, which has survived thanks to the highly valued organoleptic taste of the dry-cured products derived from it (Andersen, Oksbjerg, Young and Therkildsen 2005; Bosi, Cacciavillani, Casini, Lo Fiego and Marchetti, 2000) . It is known that the finishing diet of the animals previous to slaughter is one of the main factors affecting the quality of the corresponding dry-cured products (López Bote, 1998) . Three different feeding systems can be considered. When the animals are reared outdoors, grazing on acorns (Quercus spp) and pasture, the feeding system is known as 'Montanera' (M). If the animals are fed formulated feed during the final fattening period the system is called "Cebo" (C). An intermediate feeding system is usually called 'Recebo' (R). The highest quality products are those derived from animals grown extensively in montanera and of less quality are the products originated from recebo and cebo animals, respectively. The period in which the animals eat acorn and pasture in montanera, previous to slaughter, varies depending on the resources available in each production zone. However, a minimum period of two months to gain at least 46 Kg, is established by law (Boletín Oficial del Estado, 2007) and Manuel León-Camacho standard of the Iberian pig products, each designation of origin makes routine inspections to check on the field the fattening diet and rearing system of the animals. Fatty acid analysis of the subcutaneous fat by gas chromatography is a controversial criterion established for classifying the animals according to the three feeding system. However, the triacylglycerol (TGs) composition of the subcutaneous fat has been poorly studied (Díaz, García-Regueiro, Casillas and De Pedro, 1996; Ruíz, López-Bote, Marín, García and Ventanas, 1997; Ruíz, Cava, Antequera, Martin, Ventanas and López-Bote, 1998; Tejeda, Gandemer, Antequera, Viau and García, 2002) . TG composition has been widely used in oil and fat characterization García-González et al. (2007) . In a previous paper León et al. (2007) authors set up a method for analyzing the TG fraction of montanera and cebo subcutaneous fat samples by means of gas chromatography and flame ionization detector concluding that it is possible to discriminate between Montanera and Cebo samples based on two TG molecular species OOO and PSO.
Another factor which is known to have a significant effect on the quality of meat is genotype. The present knowledge within this area is scattered . Crossbred pigs, mainly Iberian x Duroc (IbxDr) pigs are used to improve growth rate and carcass lean content (Lopez Bote, 1998) . Studies on the quality traits of biceps femoris and back fat suggest that purebred iberian pigs' tissues are more suitable than crossbred pigs for the production of dry-cured products (Ventanas, Ventanas, Jurado and Estevez, 2006) . A genetic effect on the antioxidant, lipolytic and proteolityc activity of pig meat has been suggested (Hernández, Zomeño, Ariño and Blasco, 2004) . However, previous studies on Ib and Ibx Dr pigs have shown only a slight effect of genotype on the TG composition of Iberian intramuscular fresh fat Tejeda et al. (2002) , but a significant effect on the dry-cured ham (Petron, Muriel, Timon , Martin and Antequera, 2004) .
The aim of this work was to study the TG profile of the subcutanous fat of Iberian pigs reared extensively on the three types of fattening diets: Montanera (M), Cebo (C) and Recebo (R). The effect of the genotype and the intensity of the Montanera period on the TG composition were also studied. The final objective was to explore the feasibility of using TG composition for the classification of samples corresponding to the three different fattening systems.
MATERIAL AND METHODS

Animals
The samples analyzed in this study were representative of 96, 863 castrated male Iberian pigs from the designation of origin "Jamón de Huelva". The samples were taken during four consecutive years (2002 to 2005) . The animals were classified into three different groups according to the field notes taken by the veterinary inspector of the Designation of Origin during the final fattening period. All the animals included in the study were reared extensively. One group of animals (39362) was reported to have been reared for a variable period of time (from 50 days to 170 days) in the traditional way, usually called 'montanera' (M) with a fattening diet based exclusively on acorn (Quercus ilex, Q. suber and Q. faginea) and pasture. Another group consisted of animals (14, 263) fed commercial feed and pasture (extensive fattening system), usually called "cebo" (C) and the last group (43, 238 animals) were animals reared in montanera but including commercial feeds in the final fattening period, which is usually known as "recebo" (R).
Samples
From each sacrificed animal, a sample consisting of a chunk of 3 x 3 cm approximately, of at least 6 mm thick was taken by cutting the rump, at approximately 10 cm from the tail following the line of the back and containing skin, adipose tissue and some loin. In the laboratory, the skin and the loin were removed (Ministerio de la Presidencia, 2004) . All the chunks corresponding to each animal of a lot were punctured and homogenized before extraction. The representative sample of the lot was then obtained by melting the fat in an oven microwave for 3 minutes at 360 W of power. The representative sample of fat was then filtered and prepared for the analysis. A total of 1, 560 representative samples of Iberian pig fat were analyzed: 652 corresponding to M, 211 corresponding to C and 697 corresponding to R.
TG analysis
Triacylglycerols were analyzed and identified as described previously by GC Viera Alcaide et al. (2007) in a Varian 3800 (Varian Co, Palo Alto, CA, USA) using a fused silica capillary DB-17HT column (30m x 0.25 mm I.D., 0.15 µm film thickness). The oven temperature was kept at 320°C, and was then raised to 350°C at a rate of 2.0°C/min and held isothermally for 10 min. The injector temperature was kept at 360ºC, while the detector temperature was 370°C. Hydrogen (2.1 mL min -1 column constant flow) was used as carrier gas, while the make-up gas was nitrogen. A representative chromatogram report of subcutaneous fat and the corresponding peak identification are shown in Figure 1 .
Statistical analysis
The Kolmogorov-Smirnov-Lilliefors test was used to evaluate the normality of each variable included in the study. Since the data distribution was not normal, non parametric tests were applied. The Kruskal-Wallis test was used to find out significant differences for the variables among the three types of feeding groups (M), (R) and (C). This test is considered as an ANOVA test for one factor, called non-parametric ANOVA-1. The MannWhitney U test was used to determinate the differences between fattening diets among the three groups pair by pair (M/C; M/R; C/R) and between genotypes. This test is considered similar to a t-Student test for independent sample groups (StatSoft, 1995) .
For classification purposes, Principal Component (PCA) and Linear Discriminant Analyses (LDA) were applied to the triacylglycerol composition to infer differences among groups according to fattening diet and genotype. For the LDA the criterion used for the feature selection of variables included in the model was the forward stepwise approach. The variables were included in the model according to their discriminating power based on the Wilks´l statistic test (StatSoft, 2002) . The multivariate statistical analysis was performed by methods of analysis using the software Statistica ® v 6.0 (Statsoft Inc., 2001) 3. RESULTS AND DISCUSSION
Triacyglycerol profile of adipose tissue
Seventeen TG molecular species were identified according to their relative retention times to palmitindioleine (Figure 1 ). Table 1 shows the mean values for the TGs identified corresponding to three consecutive years. Results are shown grouped according to the three fattening diets considered (M, R, C). Six TG species accounted for more than 75 % of total TGs: POO, PSO, PLO, OOO, SOO, and OOL. This profile of TGs is consistent with that reported by Diaz et al. (1996) for fresh ham fat of Iberian pigs also fed on M, R and C. The % of OOO reported in Diaz et al. (1996) for M animals was slightly higher than the one reported in this study (17.7 % vs 11.45 %), probably due to the different analytical methods employed in both studies (high performance liquid chromatography vs GC). Differences observed between data obtained in this study and data reported in bibliography for Iberian pigs TGs (Díaz et al., 1996; Tejeda et al, 2002) could be related to the fact that other studies have been done on a small number of animals under controlled conditions. On the contrary, data reported in this study are representative of a high number of animals grouped according to type of feeding, but under different conditions (amount and time of feeding under the different systems).
In comparison to data reported for TG composition of industrial pigs Davenel et al. (1999) , the levels of OOO (from 6.69 % to 11.45 %) and OOL (from 6.09 % to 3.79 %) found for the Iberian pig samples analyzed in this study were higher than those found in the adipose tissue of industrial breeds (3.5 % and 2.6 % respectively). On the contrary, the percentage of PSO found (from 13.31 % to 17.76 %) was lower than that reported for industrial breeds (24.4 %). The solid fat content at 20°C (SFC 20 ) is a measurement related to the physical properties of fats and PSO has been determined to account for more than 94 % of the variability of this parameter. Davenel et al. (1999) proposed a formula to estimate SFC 20 of pig fat based on the PSO content: SFC 20 = 0.73*PSO + 2.23. When this formula was applied to the data set obtained in this research the mean values obtained for this parameter (Table 1) were also lower than the one reported for industrial breeds (SFC 20 = 20.1) (Davenel et al., 1999) values were lower than 18%, which is the limit for a fat to remain liquid at ambient temperature. The significant differences found in the TG profiles of the Iberian pig reported as M, C and R are also shown in Table 1 . Significant differences (p < 0.01) were found among the three types of feeding for all the TGs species analyzed except for PLO. The TG containing two and three saturated fatty acids (PPP, PPS, PSS, MOP, POP, PSO, SOS) showed the highest values (%) in the animals fed commercial feeds (C), followed by the animals fed a mixed diet (R). The lowest values (%) were detected in the M animals. On the contrary, the levels (%) of diunsaturated and triunsaturated triacyglycerols showed the highest values in M animals followed by R and C respectively. These results are consistent with those reported by Diaz et al. (1996) .
Results are expressed as % of total TGs analyzed. Values are mean + standard deviations. Means with different letters in the same row are significantly different: ns, not significant, * p < 0.05, ** p < 0.01. Significant differences between pairs were obtained by U Mann-Whithne Test. Significant differences for the three types of fattening diet were obtained using the Kruskal Wallis Test.
Influence of montanera feeding duration on the triacylglycerols composition
Although a minimum time of two months has been established (BOE, 2007) in montanera for the animals to gain at least 46 Kg, the duration of montanera is variable depending on the resources available in each production zone. In this sense we have explored the relationship between the montanera duration (as reported by the veterinary inspector) and the percentage of the different TGs analyzed (only for the M group of animals). A positive and significant correlation (p < 0.05) was found between the time in montanera and the following TGs: OOO (r = 0.34) and OOL (r = 0.33), which indicates that their TGs increase during montanera time. For the fraction of OOO and OOL it was observed (Figure 2 ) that after 110 days of montanera all the samples showed percentages of OOO and OOL over 9.5 ( Figure 2A ) and 4.5 ( Figure  2B ) respectively. These results are in agreement with the fatty acid composition of the acorn fruit which is rich in oleic acid (58 %-62 %) and has a significant level of linoleic acid (17 %-22 %) (León, Viera and Vicario, 2004) . Díaz et al. (1996) , also reported significant differences for OOO and OOL between Iberian pigs with different intensities of montanera (Kg of acorn ingested by the pig). Table 2 shows the mean values for the TG species analyzed and the mean SFC 20 calculated value, grouped by genotype and fattening diet. Significant differences for the majority of TGs species analyzed were found between purebred Ib and IbxDr animals for each type of fattening diet. The tri and disaturated TG species PPP, PPS, PSS, PSO showed significantly lower (p < 0.01) values in purebred than in crossbred pigs for the three types of feeding. On the contrary, significantly higher values in Ib than in IbxDr pigs were found only for some diunsaturated (SOL) and triunsaturated (OOO, OOL, OLL) TGs. Data reported in the bibliography on the influence of genotype on the TG and fatty acid profile is controversial. While some authors have reported a limited effect of genotype on the TG composition of intramuscular lipids Tejeda et al. (2002) , other authors have reported a significantly higher amount of oleic acid in purebred than in crossbred, even for animals fed on the same diet Ventanas et al. (2006) . These authors have suggested that these differences could be due to the different activity in ∆ 9 -desaturase enzyme between the different genotypes. In agreement with this, the results obtained in this study indicate that purebred pigs and crossbred pigs, fed on the same diet, show differences which are significant for the majority of the TGs (Table 2 ). These differences between genotypes are qualitatively more important for animals fed in M, in comparison with animals fed on R or C for both groups (Ib and IbxDr). However, diet plays a key role in the TG profile, since for any of the two genotypes studied, the differences between groups of animals under different fattening diets are significant for the majority of the TGs analyzed, these differences being more relevant between M and C ( Table 3) . The SFC 20 values also showed significant differences (p < 0.01) among the three fattening diets and between genotypes in each group. The lower values for SFC 20 always corresponded to Iberian pigs in any of the feeding systems.
Genotype and triacylglycerols composition
Sample classification according to the fattening diet: PCA and LDA analysis
A preliminary study was conducted based on a PCA analysis which provided an initial evaluation of the discriminating efficiency of the TG variables. Two PCs were extracted explaining up to 63.9 % of the variability. PC1 explained 49.3 % and PC2 explained 14.6 % of the variability. However, a plot of PC1 vs PC2 did not show a clear separation of the three groups according to fattening diet (Figure 3) .
In order to achieve a better separation according to the final fattening diet, an LDA was applied to the data set. Classification rules for the samples were calculated as the linear combination of TGs. The classification functions together with F to remove p values for each TG selected are shown in 
